ABSTRACT BACKGROUND: Diaphragmatic rupture (DR) is a rare and potentially life-threatening event caused by trauma or spontaneously. DR occasionally occurs several months after the injury. Chest X-ray and computed tomography are the most effective diagnostic methods. Delay in DR diagnosis occurs frequently. This study aimed to examine and improve our understanding of the etiology, clinical presentation, and management of DR.
INTRODUCTION
Diaphragmatic rupture (DR) is a rare pathological event that is commonly caused by trauma, as that in road traffic accidents (RTAs) or penetrating injuries. [1] [2] [3] DR diagnosis can be immediate or delayed after the main trauma. A different cause of DR is represented by spontaneous DR (SDR). Diaphragmatic hernia (DH) occurs when one or more abdominal structures protrude through the diaphragm.
Symptoms can vary depending on the DR phase and the clinical setting, and thus, the diagnosis can be easily missed. Surgical treatment is usually required to reduce herniated organs and repair the defect.
MATERIALS AND METHODS
In this study, we evaluated all patients with DR (ICD-9 Codes: 862.XX, 552.3 and 553.3) who were admitted to the Emergency and General Surgery Department (ESD) of Fondazione I.R.C.C.S. Cà Granda, Ospedale Maggiore Policlinico, in Milan (Italy) between January 2001 and December 2011. Each patient who was diagnosed with DR with or without a history of high-energy trauma and had undergone a surgery was included. Patients with a history of hiatal hernia or congenital DH were excluded. We could not determine whether the patients admitted at our ESD were misdiagnosed with DR. DR diagnosis was attested using imaging studies or during the surgical procedure. Data were extracted retrospectively and double-checked by two authors (C.C. and R.V.). Patient data regarding age, sex, mechanism of injury, associated injuries, symptoms, diagnostic imaging methods, time to diagnosis (time from hospital admission to correct diagnosis), size of rupture, presence of hernia, surgical treatment, postoperative complications and mortality, were evaluated.
RESULTS
Fourteen patients (nine males and five females) with a mean age of 37 (range, 19-79) years were included. Detailed data on patient characteristics, injury details, diagnosis timing, and clinical outcomes are reported in Table 1 . RTA was the most common category of trauma (11 intervehicular and one pedestrian), whereas one patient had penetrating trauma. A case of spontaneous DR during a gymnastic exercise was reported in our case series. Hemorrhagic shock occurred in six of 10 patients with acute traumatic injury at admission (60%). The main symptom was dyspnea, and others common symptoms were nausea, chest pain, cough, and epigastric pain. Multiple associated injuries were detected in 10 patients (Table 2) , and rib fracture was the most common injury (70%).
The diaphragm defect was left-sided in 12 patients (86%) and right-sided in two (14%); no bilateral DR was found. Herniation of the abdominal organs into thorax was detected in 12 patients (intraoperatively in nine and preoperatively in three). Detailed data on the herniated organs are presented in Table 3 .
DR was preoperatively diagnosed in eight of 14 patients (57%) and during surgery in six (43%). The interval between traumatic event and DR diagnosis ranged from 1 h to 96 months. Intraoperative diagnosis was achieved in five of 10 patients with acute blunt DR (BDR) (50%). In four of five patients with acute BDR, the preoperative diagnosis was established in less than 12 h after arrival at our ESD. Three patients without an acute injury presented a medical history of previous trauma: one with stab wound 11 months previously, one with RTA 46 months previously, and another with RTA 96 months previously. These patients presented delayed DR, and dyspnea was the common symptom. Diagnosis was established in these patients in less than 12 h after arrival at the ESD. The only patient with SDR was preoperatively diagnosed.
The diagnostic methods included chest X-ray, computed tomography (CT), ultrasonography (USG), and oral contrast studies. We obtained chest radiographs from 10 patients, and radiographs of five of them (50%) were reported as normal. The chest radiographs usually showed nonspecific signs as diaphragm elevation with loss of right costo-diaphragm angle ( Figure 1a and 1b) . Five hemodynamically stable patients underwent thoracoabdominal CT, in three of whom (60%), CT scan was diagnostic. In these three patients, chest radiograph findings were consistent with diagnosis on CT scan. Abdominal USG was performed in five patients, which provided specific information concerning DR in two patients (40%). Two patients underwent a positive X-ray oral contrast study (Figure 2 ).
All 14 patients underwent surgery. Laparotomy (eight emergency laparotomies) was performed in nine patients and thoracotomy in four. One patient underwent left thoracoabdominal approach. The median size of acute BDR (large diameter) and DR was 8±2.7 cm and 5±4 cm, respectively. The size of rupture in the patient with SDR was 6 cm. The herniated organs were always reduced into the abdomen. The diaphragm defect was repaired with non-absorbable direct suture in 12 patients. In two patients, a polypropylene prosthetic mesh was placed following the primary repair of DR. Splenectomy was performed in five patients: in four of whom, the spleen was herniated in the thorax, and in one, bleeding from an iatrogenic spleen occurred in the absence of herniation. A transverse colon resection with colostomy was performed because of bowel perforation.
A polytraumatized patient died at the end of surgery for cardiocirculatory arrest following hemorrhagic shock. The mean hospital stay was 16.6 (range, 5-53) days. Three patients (27%) had postoperative pulmonary-related complications, which were successfully treated conservatively. In the other eight patients, recovery was uneventful.
DISCUSSION
Any event that can lead to a sudden increase in intra-abdominal pressure may result in DR. [4] In 1974, Grimes described three phases for DR. The acute phase denotes the onset of clinical symptoms at the time of injury. Development to the second phase may take months or even years. The delayed phase is explained by two hypotheses: delayed rupture or delayed detection. Missed diagnosis during the early period of trauma may lead to progressive herniation of intra-abdominal contents into the thorax, and occasionally, visceral obstruction or strangulation occurs. [5] [6] [7] The incidence of diaphragmatic injuries in patients with blunt abdominal trauma is estimated to be 0.8%-5%. [8] RTAs are the most common cause of BDR. [5] In our study, 12 patients (86%) had a recent (10 patients) or previous (two patients) RTA. BDRs are usually observed in the left diaphragm (68.6%-87%) [9] because this area has a weak pleuroperitoneal membrane structure; in contrast, right-side DRs are encountered only in 5%-19% of all DR cases. [10, 11] Bilateral hemiDR is rare.
DH is an unusual condition; it occurs in 1%-7% of patients with DR following major blunt trauma and in 10%-15% of patients with penetrating trauma and DR. [3] Our case series describes 12 DHs: three DHs with delayed presentation, one DH due to SDR, and eight DHs detected after acute traumatic injury. The organs most commonly involved in leftsided DH are the stomach and colon (Table 3 ). In our study, DH was a common event because the study mainly involved polytraumatized patients. The displacement of abdominal organs was more common in delayed hernias, which is consistent with the results in literature. Bowel obstruction, without any evidence of ischemia, was observed in two patients, both with delayed presentation of DH.
SDR is an extremely rare condition accounting for less than 1% of cases of DR. [9] SDR is defined as a damage of the diaphragm due to an increased pressure in the chest or abdominal cavity without direct trauma. In our case series, a single case of SDR was observed and it was associated with DH.
Symptoms in patients with DR may vary depending on the DR phase. [12] In blunt or penetrating trauma, DR is usually associated with reduced breath sounds, orthopnea, and dyspnea. [10, [13] [14] [15] In the study by Popovic et al., [16] the main presenting symptoms were epigastric pain, nausea, vomiting, and meteorism. [11] These evidences demonstrated that the diagnosis can be easily missed. In the literature, a great variability in diagnosis timing has been reported. [8, 11] The rate of initially missed diaphragmatic injuries range from 12% to 66% after an acute trauma. [17, 18] Many investigation techniques have been described for DR diagnosis, but no diagnostic method has a higher sensitivity or specificity than other methods; nonetheless, CT can be considered as the gold standard in an emergency setting in stable patients. [13, 19] In our study, the two most commonly used techniques were chest X-ray and CT. In the literature, consistent with our results, it has been reported that only 25%-50% of the initial chest radiographs are diagnostic for BDR. [18, 20] Furthermore, sensitivity of CT in diagnosing acute DR ranges between 33% and 83%, and its specificity ranges between 76% and 100%. [18, 21] CT findings in acute DR are hemidiaphragmatic discontinuity, intrathoracic herniation of the abdominal content, and the dependent viscera sign. [22, 23] In our series, CT revealed a DR in three of five stable polytraumatized patients. A chest X-ray was performed in these three patients, and the findings were consistent with diagnosis on CT. USG may allow the visualization of large DR or DH, but this imaging method is rarely used for first-time investigation. Magnetic resonance imaging can be a good diagnostic tool, but it cannot be performed in an emergency setting. [21] Oral follow-through study was performed in two patients, and it revealed positive results; chest X-ray results in both these patients were negative. The patients with SDR demonstrated negative results on chest X-ray, chest CT, upper gastrointestinal endoscopy, and abdominal USG before being diagnosed using oral follow-through. In our patients with delayed DR, the diagnostic approaches were varied: two patients underwent X-ray barium enema because of bowel obstruction presentation, and in one patient, CT scan was diagnostic for right-sided DH associated with liver and colon herniation. As frequently observed, the preoperative diagnostic rate of DR was lower in polytraumatized patients than in others. This was because of the high complexity in these patients and their difficult management. On exposed evidence, we believe that CT with oral water-soluble contrast can be useful in patients in whom DR is highly suspected.
Surgical management is mandatory and requires the reduction of herniated content, repair of the defect, and occasionally, drainage of the pleura. This surgical management can be achieved by thoracic or abdominal approach. [24] Our most common surgical approach was laparotomy (four median and six subcostal) because of the type of trauma and hemodynamic instability of the patients. Surgical procedure included thoracotomy only in four patients and laparotomy was added for one patient to reduce herniated contents. Thoracotomy was the preferred approach described by Schummer [25] and Kotoulas.
[26] Igai [27] chose posterolateral thoracotomy plus right subcostal laparotomy. Thoracoscopy, laparoscopy, or both approaches combined have been described in the literature as useful methods to diagnose and treat DR, even in acute trauma. [28, 29] Some authors have reported that endoscopic freeing is often difficult in chronic DH (CDH) because of the strong adhesions between the herniated viscera and pleura. [30] However, several authors have reported good results of the laparoscopic repair of CDH. [8, [31] [32] [33] [34] [35] Liao et al have reported rapid recovery and decreased postoperative hospital stay after applying the pledgeted suture method in CDH treatment that involves compressing and approximating the edges of the diaphragm together and releasing the shearing force when applying ties. [36] In our opinion, considering the addition of a thoracotomy in an unmanageable patient, laparotomy represents the best choice of treatment in cases of complex thoracic and abdominal acute trauma because it allows the widest abdominal view to search for any other injuries. In our case series, thoracotomy alone was performed in two patients with delayed DR and in one patient with acute DR. This last patient had exhibited hemodynamic stability at arrival and the presence of a negative abdominal CT scan.
Primary repair is the gold standard for small-or moderateUlus Travma Acil Cerrahi Derg, September 2017, Vol. 23, No. 5 size diaphragmatic defects, whereas large defects (larger than 10 cm) may require patch closure with a mesh. In emergency surgery, patch closure is not usually recommended. Polytetrafluoroethylene, polyethylene terephthalate, and polypropylene are the most common materials used in prosthetic patches to repair DR; some cases with patch infection followed by hernia recurrence have been reported in the literature. [37] We believe that primary repair with non-absorbable sutures is the best technique for diaphragm repair and that prosthetic mesh should be placed when a lack of substance is detected, as usually occurs in delayed presentation of DR.
Pulmonary complications are reported to be the most common postoperative occurrence. [38] Our experience supports this evidence. Associated organ injuries, hemorrhagic shock, missing or delayed diagnosis, rather than the DR itself, result in increased morbidity and mortality. [5, 39] Other authors have reported no worsening of prognosis with delayed diagnosis followed by surgical repair. [19] In the literature, mortality rates in patients with acute diaphragm injury differ from those in patients with delayed DH. [3, 5, 38] In our case series, delayed diagnosis and age were not factors affecting patient outcomes. Furthermore, the low mortality rate recorded (one patient) did not reveal a significant association between reported associated injuries and outcomes.
In conclusion, we can affirm that DR remains a diagnostic challenge because of nonspecific symptoms and signs and low sensitivity of imaging methods. DR repair is mandatory, and prosthetic mesh should be placed when a large DR is detected. It is not possible to define the best management considering the low incidence of DR, the acute setting, and variety of presentation, and diagnostic and treatment options. It is fundamental to maintain high clinical suspicion index in highrisk and compromised trauma patients.
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